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ON THE REAGTION OF THE NICKEL TON WITH
DIMETHYLOLYOXIME IN THE PRESENCE OF AN
OXIDANT

A Ko Babko

[Extract ]

Sensitivity of the Reaction

According to a series of published data (1, 2, L) the aensitivity of
the reaction of nickel with H2Dm [Tdimethylglyoxime_? increases significantly
in the presence of oxidants. Thus Malyuga (1), considers that & tenfold
inerease in sensitivity takes place.

For an objective evaluation of the sensitivity of the reaction it is
convenient to compare the molar coefficlents of extinction of the different
colored compounds in that region of the spectrum where the maximum absbdrption
of 1ight by the compound concerned is observed.

In Figure 1 are shown the sbaorption curves of the different products
of the interaction of nickel with HoDm. Along the abscissa wave lengthe are
laid out, and along the ordinate the molar coefficidic of extinction. The
curves were constructed on the basis of measurements with & Pulfrich photo-
meter (with 7 light filters). Curve 1 shows the absorption by the suspended
preciplitate Ni(HDm)a; curve 2 gives the 1ight absorption of a solution con=
teining the same amount of nickel if the reaction with HZDm proceeds in
the presence of & solution of iodine when the solution has been elkelized
witn NHhOH after all the components have been mixed; finally, curve 3 shows
the properties of a solution analogous to the latber, but with NHhOH replaced

J
by a caustic plkali. It is clear from the curves shown in the Figure that
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the precipitate N:\.(Hm)2 48 oharacterized by & meximum in the green pertion
of the spectrum (when the wave length is sbout 530 mu), in which case the
molar coefficient of extinction 1is equal te EE 1 = 1,000, The absorption of
the product formed in the presence of oxidants i8 shifted to the violet
portion of the spectrum, in which case the molar coefficient of extinction
is considerably higher, rea;hing € , = 12,000 md £ 3" 13,000, From

the Lambert=Beer formula 'fo' i vov d,itis evident that equal absorp=
tion (for en equal layer thickneas d) is obtained under the conditions
_ﬁ_iol = € g0, 1f it is to be taken into consideration that _‘F_._ , 1o

3 times smaller than i 2, it means that in order to achieve the same 1ight
absorption of solutions it is sufficient to take 3 times loce nickel in the

case when an oxidant 1is present than for the formation of the usual insoluble

compound N:L(HDm)a.
Composition of the Colored Complex

As is known from published data (b), no one has up to this time suc=
ceeded in 1golating the colored complex formed by the interaction of nickel
with HZDm in the presence of oxidants. This is explained by the instability
of the quadrivalent nickel compound in concentrated golutions and in the
golid form. For guch cases it is especially expedient to use the method of
physico-chemical analysis of solutions of colored complexes (5).

Evidently the real complex is & ternary compound within the system:
Ni++ (aolution), HQDm (solution), oxidant solution. The complete results
of the investigation of the corresponding triangular diagram will be given
by us separately. A short description of the composition of the complex
can be glven with the limited data clited below.

For determination of the relation Nit H2Dm in the complex (when there
is a small excess of the oxidant in NHhOH) experiments were conducted in

the following menners
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Into a series of test-tubes were introduced the quantities specified
in Teble 1 of a 0,01 M acidified solution of nickel sulfate and a 0,01 M
solution of Nnenm. Here, in accordance with the condition of physico=
chemical analysis for the determination of composition, the aggregate volume
of these solutions (of equal molerity) remained conetant. Then & constant

quantity of 0.0L N iodine solution (in an excess exceeding the quantity of

nickel by several times) was added to all the test=tubes, Next, to each of

the solutions were added:i® mg of concentrated NHuOH. The solutions were
transferred to the cell (the thickness of the layer was 2 mm) of the Pulfrich
. photometer; the extinctlon measurement was cerried out at a wave length of
( 500 myu.
L Tt is clear from the results clted in Table 1 that the maximum light
! absorption is observed when the relation bevween the volumes of the nickel
i salt and Naanm is equal to 1l:2. Thus tie proportions in which these com-

ponents react with the formation of *he soluble colored complex (in the

presence of & small excess of oxidant) are equal to N1++tH2Dm = 12,
For determination of the ratio of Ni++:10x (where Ox signifies the
oxidant) a series of experiments were conducted which were analogous to
those preceding in that they maintained the conditions of equal molarity
and équal volumes of the nickel salt 2nd oxidizing solutions. The con=
ditions of the experiments and the results are cited in Table 2; the order
of mixture of the reagents remained strictly the same as was specified above l
in the description of the experimentel conditions,
The results show that in the formation of the colored soluble complex

nickel and the oxidant react in a proportion of 2:1, for the maximum color=-

R R

ation is observed at exactly this ratio.

Es

Thus the basic components of the reaction interact in the following
ratloe Ni++:H2Dm : Ox = 1:2:2, This corresponds to the composition of the
compound isolated by Feigl. However, the problem of the location of the

hydrogen atom has not been solved and, moreover, this complex appeers as

N TR e

“ 3.
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the first, but not the enly one in the aystem. A full etudy of the com=
poaition--bchavior diagram for the Ni++, HoDm, ox (in solution) eystem shows
the formation of several compounds. Thus for & ten=fold excese of oxidi:??"
(4in relation to nickel) experiments analogous to those desoribed in Teble 1
ghow that in thie case the ratio N1*+:H2Dm = 113, Thie compound is formed
under the conditions of the qualitative deteotion of nickel or its colori=
metric determination when there is a significant excess of oxidant. When

a caustic alkall (insteed of NHhOH) is used, the maximunm coloration of the
golution is cbeerved near the ratlo N1++:H2Dm10x = 11313,

Structure of the Complex

Since the time of Feigl's work it has ususlly been considered that in
the presence of oxidants the complex compound of H2Dm ig formed with quad=-
rivalent nickel, although the ordinary (noncomplex) compounds of the latter
are not formed. This view is within the realm of probability, since a
considerable number of valency forms of elements in the subgroups are known
which are unstsble in the form of simple salts and are ¥nown only in the
form of complexes (for example Mn+++, Co*++, etc.)s However, in this case
there are 5till not enough data to permit a conclusion as to what the oxidant
reacts with: the nickel ion or the dimethylglyoxime.

The well=known colored FeCNS++ complex ion can be obtained through the
interaction of Fe++, CNS™, and Ox in the ratio 1:1:1. However, the knowledge
of this relation does not reveal the structure of the complex., It is pos=
aible to assume that the oxidant rescts first with the CNS™ ion, oxidizing
it to thiocyanogen, and the latter subsequently combines with Fe++. The
basis for the usual assumption that FeCNS++ 1s a complex of Fet++ and CNS™
(not of Fet+ and CNS) is the existence of the usual Fe+++ salts. However,
this criterion can not be employed in the case of the complex being gtudied,

since there are no known simple salts of guadrival ent nickel.
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Thue the existcnce of the intensely colored solubie complex in the
N1++--H2Dm--0x system provides equel grounds for two different agsertionat
1) it ie possible to asgume, in agreement with Feigl, that the complex le
a gombination of Hznm with quadrivalent nickel and 2 it could be acsumed
that the complex 1 a combination of bivelent nickel ,ith an unetable pro=
duet of the oxidation of dimethylglyoxime. The follewirg set of date can
pe cited in favor of the latter conclusiont

1. Dimethylglyoxime in an glkeline solution reacts quite rapldly witA
verious oxidizing agents, Of course the products formed in this case do
not generally produce colored compounde with metals. It is possible that
when a fixed bond is formed between one oxime group and a nickel ic., the
second NOH group can be oxidized with the formation of products (of the
nitroso compound type) that are unetable under different conditions and form
complexes with metals in this instance.

2, The composition of the compound formed in an alkeline hydroxide
solution, as was stated above, approaches the relatinig Nit+: H2Dmt0x = 13323,
Tf 4t is to be assumed that the oxidant reacts with the nickel, nickel must
bve accepted here as pentavalent. The assumption that the oxidant reacts
with H2Dm geems more plausible and therefore the relation HQDmx 0x remains
constant.

3, A comparison of the color intensity of these two solutions was
carried out. One contained, in 10 ml of total vea e, 1 ml of 0.,01_M Hsz,
an excess of NiSO), and 12 (in NHhOH); end the second, 1 ml of 0,01_M Ni80),
an excess of H2Dm, and Ip (also in NHHOH). The extinction of the first
solution was three times smaller than that of the sscond. This is easily
explained 4f 4t is assumed that the oxidant reacts with H2Dm and each bond
developing between the Nis+ and the oxidized H2Dm further strengthens the

solor intensity.
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i, Certain weak oxidizing agﬁ'&&, for exumple lodine in NaOH (100,
hygiodida) end eleo perewlfate in NHhOH, do nat oxidize nickel even to the
trivalent state, On the other hand, if dimethylglyexime is gdded lo &
gelution of nickel salts in NHuOH in the presence of K25208 or to & suspen=
sien of Ni(oﬂ)2 in an alkeline solution of hypoliodide, the solution le
colored on intenee red,

5, It is known that salts of bivelent iron produce an intense red color=
ing with HaDm in an elkeline solution. If en oxidant (for cxanmple Hzoe) is
added to such & solution the red color changes to yellow, whereupon ferric
hydroxide cannot be precipitated, On the other hand, a mixture of a salt
of trivalent iron and H2Dm precipitates Fe(OH)3 as a result of the addition
of NHMOH. Thus the Fe++4 ieon does not form a complex with Hinm but, like
nickel, forms & steble complex with the unsteble product of the oxidation
of dimethylglyoxime.

Thus a significant quantity of data points to the conclusion that the
generally accepted opinion of Feigl on the structure of the complex under
consideration is unfounded., There is a much better foundation for assuming
this complex to be & combin_gtion of bivalent nickel and an unstable oxlda=

tion product of dimethylglyoxime.

Conditions for Use of the Reaction in Detection

and Colorimetric Determination of Nickel

1. Order of Mirxing of Reacting Substances. In view of the fact that
unsteble products of interaction take part in the formation of the ternary
complex, the correct order of mixing the reagents is of very essential
importance. On the basis of the data cited above, the following step=by=
gtep methods can be considered for conducting the reaction in an alksline
solution: &) The dimethylglyoxime is added last (i.e., the order of mixing
is as follows: NHhOH, Ni++, Ox, H2 Yo This method gives satisfactory

-6a

GONFIDENTIAL

4
‘

Declassified i - iti;
ified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100046-0

o Tl




Declassified i - iti
ified in Part - Sanitized Copyiérp'proyreq for Release 2012/05/25 : CIA-RDP82-00039R00010000046 0

GONFIDENTIAL

reaults only when weak oxidizing agente are used. In the case of strong
oxidants Ni(OH)a, which reacte elawly with HpDm, ie precipiteted, while an
excess of the oxidant breeks down the H2Dm. b) The exidant 18 added last
(1,¢., the order is &s followss NH),OH, Ni++, Henm, ox). In this cane there
48 firet formed the precipitste Ni(HDm)e, whichsrecots very slowly with the
nxidant, and therefore the reaction procacds unsatisfactorily. o) The nickel

salt is sdded last. This method gives uneatisfactory results, since the

oxidant breaks down the dimethylglyoxime pefore the latter can interact with

the nickel. d) The best method for formation of the complex consiste of

mixing Ni++, HoDm, and Ox in an acld solution (when there is no interaction),
after which the alkali is quickly added to the mixture.

Proportion of the Reagents. Detailed exferiments on the ternary |
oyatem of Ni#d -H Dm=Ox show that all isochromes (linea of i1dentical color) |
Aha regin Corre a{oﬂt\nf\ |
are shifted to the side opposite toAgxceases of dimethylglyoxime. This 18
connected with the fact that when there is an excess of H2Dm the latter | L
becomes strongly bound to nickel in the forms of the insoluble (and weakly
colored) Ni(HDm)2 complex. Therefore the solution musi coniuln an excess
of oxidant in comparison with dimethylglyoxime. Thus the proportion of
reacting substances must correspond to the condition:
(o) > (Hzm) > 3(NL++).
3, Selection of the Oxidant. All the charscteristice of the reaction

stated above indicate that the use of extremely strong oxidant in large excess
~ z can lead to unfavorable results. Tn 1iterature there is an indication (1)
i that an excess of bromine leads to & diminished effect. This is doubtlessly

connected with the breaking down of HEDm by an excess of a strong oxidant.

Therefcre iodine, proposed by D. P. Malyuge (2), seems to be one of the
most suitable oxidants, especially in the presence of NHhOH (Note: It is

tLrue that when there are excessive quantities of iodine, nitrogen iodide

g s b e

may be formed). The use of a caustic alkall in place of NHhOH intensifles

the color somewhat)but causes a weakening of it on long standing.

ey
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Conolusions

The reaction of nickel with dimethylglyoxime in the presence of oxidising
sgente has been studied, Tt has been shown that the moler coofficient of
extinetion ie a convenient characteristio for determining the relative
sensitivity of the reactionj by this method it was found that the sen=-
sitivity of the reaction of nickel with dimethylglyoxime increases 3 times
in the presence of oxidants.

The composition of the complex was studied with the help of the method
of HE‘ physico~-chemical analysis of solutions, It was found that when thore
is a small ercess of oxidant, the compoaition of the complex corresponds to
o relation of nickel to dimethylglyoxime equal to 112, When there ie a
large excess of oxidiggg'thie relation equals 1:3.

Tho structure of the complex has been discussed. Evidence has been
cited to the effect that, contrary to Feigl's opinion, the complex is a
combination of Nit+ and an unstable product of the oxidation of dimethyl=
glyoxime. |

on the hasis of data on the composition and structure of the complex,

a rational foundation was established for determining conditions under which

the reaction should be conducted.
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B
% Table 1

Light Abeorption Teet for Nickel ! Dimethylglyoxime Ratio

il

0.,01=M 0.,01-M 0,01=M +'Ent;m Extinotion
{ Ipinml | N180, in ml | NepDm An ml | NLF* ¢ HDu 18 %g
e i ; 1
‘ 6 ? 0.8 | 5.2 { 114 0.78 |
J é | 1.0 | 3.0 | 1149 n.97 l
i 8 ; 1,38 i 2.87 1R 1.06
i 8 2.0 1 2,0 131 1.00 i
' 8 £.87 1,85 1 0.0 0.82 i
Table 2 |
ot \
Light Absorption Tect for Hickel ¢ Oxidiser Ratlo ?
| ' ‘.
0,01-M I 0.01-=M ‘ 0.,01 N Ratio ! Extinction 1
lesDm Ln ml | NaSO, inml i Iginml Hi 3 Ox 1¢ B0 :
2 4 ‘ 2 g3
| ; 3 :
B 1.00 4,00 114 0.47 4
5) 1.26 3.76 1:8 0.88 :
b 1.67 0.00 1:8 0.28 y
B 2,60 2,60 11 0.90 3
B 3,04 1.66 10,0 0.66 :
.
; 12000
& 7
: TB /\
g ma'
~ | /N
H 6866708
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Figure 1. Extlnetlon .
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